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(a) Cyclic voltammograms of the Ni-C catalyst (cycle 5000, cycle 5500, cycle 6000, cycle 6500, cycle 7000, cycle 7500 and cycle 8000 were selected), suggesting the activity for HER has levelled out. (b) Oxidation peaks of the Ni-C catalyst in different cycles. The intensities of the peaks changed very little during the consecutive CV treatment.
Supplementary Figure 12.
A typical series STEM images of different samples of A-Ni-C after different cycles' activation (Cycle 1000 and cycle 3000 were selected). (a, c) BF STEM images and (b, d) corresponding HAADF STEM images of the same area, proving the Ni particles encapsulated in graphitized carbon shell gradually dissolved in the acid during the activation process.
. Supplementary Figure 13 . HAADF STEM images of A-Ni-C after 3000 cycles' activation, showing the existence of single Ni atoms around the Ni particle. Considering that the elements of N, F and S have a smaller atomic number compared with Ni, thus the single atoms of these elements can't be observed as the bright spots in such an environment. Figure 14 . LSV curves of the HCl-Ni@C samples before and after CV activation. Note: the catalysts were spin-coated onto the FTO substrate; the performances were not iR-corrected. Considering the poor electronic conductivity of the FTO substrate and the weak adhesion between the catalysts and the FTO substrate, the current density of the A-Ni-C is not as high as that of the catalysts deposited on GCE with Nafion as the binder. However, the activation process of the Ni-C catalysts still occurred without Nafion as the binder. 
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